Premature neonates are known to be susceptible to respiratory distress syndrome (RDS) followed by chronic lung disease (CLD). Recent advances in neonatal intensive care and surfactant replacement therapy have significantly enhanced the survival rate of premature infants who have RDS (1) . The risk for developing CLD, however, remains high among premature infants (2) . Causes of chronic lung injuries in premature infants may include lung immaturity (3) and aberrant cytokine production (4, 5) and lung development (3, 6) .
Premature infants with CLD can be distinguished from those without CLD in that the former experience an ongoing inflammatory process that includes leukocytes infiltration and production of proinflammatory cytokines (7, 8) . Influx of leukocytes into the lung may occur after oxygen supplementation and mechanical ventilation (9) . Although oxidative stress can up-regulate proinflammatory cytokines (10) , it remains controversial whether certain cytokines are involved in the development of premature CLD (11, 12) . In this study, we proposed that a prematurity-related alteration of cytokine production might be implicated in premature infants with CLD. We assessed IL-8, IL-10, and tumor necrosis factor-␣ (TNF-␣) levels in bronchoalveolar lavage (BAL) fluid and blood of intubated premature infants, which were obtained at the time of blood collection for the analysis of blood gas or biochemistry. Correlations of the initial cytokine level to the gestational age (GA) and to the development of CLD were assessed. We found that IL-8 but not TNF-␣ or IL-10 levels was correlated to CLD in premature infants. In an attempt to find a better method for the prevention of CLD, we also performed studies to investigate whether differences exist in the IL-8 induction pattern
Patients. Premature neonates who were in our neonatal intensive care unit and required intubation were recruited into this study, after informed consents were obtained. Neonates whose mothers had experienced chorioamnionitis, defining by body temperature Ͼ38°C with the presence of malodorous vaginal discharge or leukocytosis (Ͼ15,000/mm 3 ) without any other identifiable focus of infection, were excluded from the study. This study was approved by the Institutional Review Board of Chang Gung Memorial Hospital. All patients studied were intubated within 4 h of life as a result of respiratory distress and underwent ventilation through a time-cycled pressure-limited ventilator, which was set according to the routine protocol of our neonatal intensive care unit. The duration of intubation, episode of maternal fever without the presence of malodorous vaginal discharge or leukocytosis, the administration of perinatal antibiotics and oxygen supplementation, and oxygen index (OI), calculated from mean airway pressure ϫ fraction of inspired oxygen/arterial oxygen pressure, were analyzed. In the presence of clinical and radiographic evidence of RDS, bovine surfactant (Survanta, Abbott Laboratories, North Chicago, IL; 100 mg/kg) was used within not more than 4 h after birth. CLD was diagnosed when premature infants were oxygen dependent after 36 wk GA and their chest X-rays demonstrated characteristic remolding of CLD (13) .
Sample collection and cytokine determination. The collection of BAL fluid from premature infants was performed during routine endotracheal suctioning on days 1, 2, 4, and 7 as the infants remained intubated. On the first day, BAL was collected at 30 min after initial intubation but before the administration of Survanta. A 6-or 8-French end-hole suction catheter connected to a syringe that contained 1 mL/kg physiologic saline solution was inserted through the end porthole of the endotracheal tube until resistance was felt (14) . The catheter then was withdrawn 1 cm before the instillation of saline fluid. A small amount of air was introduced to clear the dead space, and the BAL fluid was aspirated into a syringe (15) ; the instillation and aspiration procedure was repeated three times (14, 16) . During this procedure, the oxygen saturation level was monitored by a pulse oximeter and kept at~90 -95%. BAL samples were kept on ice and sent to the laboratory immediately. Supernatants of BAL samples were separated by centrifugation (1500 ϫ g for 3 min). After the supernatants were filtered through a 0.45-m filter (Ministart, Sartorius, Germany), samples were aliquotted into Eppendorf tubes and stored at Ϫ80°C until batch analysis. The cell pellets were subjected to estimation of total leukocyte counts on a hemocytometer, and the differential cells were obtained by cytocentrifuge preparation. Cells were stained by Diff-Quick, and their differentials were estimated by counting at least 300 cells on each stain. Total leukocyte and neutrophil counts were presented as cells/mL and correlated to IL-8 concentrations (pg/mL).
Concentrations of IL-8, IL-10, and TNF-␣ in the BAL and blood samples were measured as previously described (17) . The sensitivity of the ELISA kits (R & D Systems, Minneapolis, MN) is downward to 10 pg/mL for IL-8, 0.5 pg/mL for IL-10, and 4.4 pg/mL for TNF-␣. To compare the difference of IL-8 and TNF-␣ production between CB and AB, we added endotoxin (0.1 g/mL; Sigma Chemical Co., St. Louis, MO) into the CB and AB for 2 and 6 h, respectively, to measure the IL-8 production.
Differentiation of transcriptional and posttranscriptional regulation of IL-8 production in CB. Human umbilical CB was collected from normal, full-term deliveries after informed consents were obtained from the parents. Adult peripheral blood was obtained from 20-to 36-y-old healthy adult volunteers. For differentiating transcriptional and posttranscriptional regulation of IL-8 production, each sample (5 mL) was collected in heparinized 10-U/mL tubes and challenged by endotoxin with or without actinomycin D (5 g/mL) or cycloheximide (1 mg/mL). Supernatants from the reactions, with and without actinomycin D, were assessed for IL-8 production. Blood leukocytes from reactions with and without cycloheximide underwent total RNA extraction by using Tri reagent that contained a monophasic solution of guanidine thiocyanate and phenol (Sigma Chemical Co.).
Detection of IL-8 mRNA expression by real-time reverse transcription-PCR. Quantitative measurement of IL-8 mRNA expression in the blood leukocytes was performed by a Model 7700 quantitative PCR machine (Applied Biosystems, Perkin-Elmer, Foster City, CA) for 40 cycles using real-time Taqman technology as modified from our previously described study (18) . The forward primer, the reverse primer, and the probe sequence for IL-8 mRNA quantification were 5'-CCT GAT TTC TGC AGC TCT GTG T-3', 5'-CGC AGT GTG GTC CAC TCT CA-3', and 5'-FAM-CTC CAA ACC TTT CCA CCC CAA ATT TAT CA-TAMRA-3', respectively. In addition, glyceraldehyde-3-phosphate dehydrogenase mRNA expression was used as an internal control. The forward primer, reverse primer, and the probe sequence were 5'-GAA GGT GAA GGT CGG AGT-3', 5'-GAA GAT GGT GAT GGG ATT TC-3', and 5'-CCG ACT CTT GCC CTT CGA AC-3', respectively. Each reverse transcription-PCR cycle included (1) 2 min at 50°C for the RT process and (2) 40 cycles of 30 min at 60°C, 5 min at 95°C, 20 s at 94°C, and 1 min at 60°C. The reverse transcription-PCR products could be detected by a paired hybridization probe in which the reporter dye, FAM, was labeled on the 5' end and the quenching dye, TAMRA, was labeled on the 3' end (18) .
Statistical analysis. Differences in cytokine level between premature infants with and without CLD and surfactant treatment were tested by Mann-Whitney U test and Wilcoxon signed ranks test, respectively. Categorical variables were analyzed by 2 test or means of Fisher exact test. Kendall's correlation coefficient was used to describe associations between variables, and multiple regression analysis was used to detect any relationships among the variables. Data from in vitro experiments were tested by t tests. Data were presented as mean values Ϯ SEM. A p Ͻ 0.05 was considered statistically significant.
RESULTS
Demographic data of premature infants studied. Thirty-six premature infants with GA between 24 and 36 wk were investigated. One patient with congenital anomalies and another with sepsis were excluded from this analysis. As shown in Table 1 , 12 of these 34 patients developed CLD; they were born at GA Ͻ33 wk. Twenty-two of the 34 patients were in the non-CLD group, and 10 of the 22 non-CLD patients were of GA Ͻ33 wk. Patients with CLD revealed significantly younger GA (27. , as compared with the non-CLD group. In contrast, Apgar score, gender, cesarean-section rate, prolonged rupture of membrane for Ͼ24 h, perinatal antibiotics, prenatal steroid, surfactant treatment, and OI calculated from the first arterial blood gas analysis performed~30 min after initiation of mechanical ventilation were insignificantly different between both groups (Table 1 ). In addition, the first complete blood count assessed 30 min after birth was insignificantly different between both groups.
Changes of IL-8 concentration in BAL from premature infants. IL-8 levels in the BAL of premature infants assessed on the first day were inversely correlated to GA (r ϭ Ϫ0.332, (Fig. 1) . In contrast, levels of TNF-␣ in BAL (r ϭ Ϫ0.316, p ϭ 0.124, n ϭ 34) and IL-10 (r ϭ Ϫ0.241, p ϭ 0.407, n ϭ 34) were not correlated to GA. IL-8 levels in initial BAL were significantly higher in CLD patients, compared with those (GA Ͻ33 wk) without the disease (445.9 Ϯ 79.9 versus 83.2 Ϯ 32.0 pg/mL; p ϭ 0.002; Fig. 2A 
Changes of IL-8 concentration in blood.
To confirm that the augmented IL-8 production in BAL was related to leukocyte responses, we collected 0.5 mL of blood at days 1, 7, and 21 during the blood gas analysis or biochemistry measurements from these premature infants (GA Ͻ33 wk) for the detection of IL-8 and TNF-␣ levels in plasma. Premature infants with CLD seemed to have higher plasma IL-8 levels during their first 3 wk of life than those without CLD, but this increase was not significantly different between both groups (Fig. 3A ). Plasma TNF-␣ level was lower in the CLD group initially, as compared with those without CLD (Fig. 3B) . Because blood samples (Յ0.5 mL) that we collected were suitable only for the measurement of two soluble cytokines, we collected normal CB subsequently to study the possible molecular mechanism of the augmented IL-8 production.
Differences of IL-8 and TNF-␣ production in CB and AB in response to endotoxin. IL-8 level in neonatal CB was significantly higher in response to endotoxin (LPS, 0.1 g/mL) for 6 h, compared with AB (Fig. 3C) . In contrast, TNF-␣ production in neonatal CB was significantly lower in response to endotoxin, compared with AB (Fig. 3D) . The results suggested that augmentation in IL-8 production in neonatal blood was not related to its upstream higher TNF-␣ production but might be more related to the prematurity-related alteration of IL-8 induction. 
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Implication of posttranscriptional regulation of augmented IL-8 expression in CB leukocytes. To study why blood leukocytes in CB release a higher level of IL-8 but not TNF-␣ than those in AB, we used actinomycin D (5 g/mL) and cycloheximide (1 mg/mL) to explore whether the increase in IL-8 production was related to transcriptional or posttranscriptional regulation. The results showed that actinomycin D, which was added at 2 h after endotoxin (LPS) stimulation of blood leukocytes, almost inhibited the endotoxin-induced IL-8 production completely in 4 h in CB and AB (Fig. 4) , indicating that endotoxin-mediated IL-8 production was related to de novo transcriptional induction after stimulation. The addition of cycloheximide at 2 h after endotoxin induction of IL-8 mRNA expression augmented IL-8 mRNA expression in CB (Fig. 5A-C) and AB leukocytes (Fig. 5D ) in 4 h. Cycloheximide, which blocked all new protein synthesis, enhanced the IL-8 mRNA expression induced by LPS, suggesting that a repressor protein was responsible for posttranscriptional degradation of IL-8 mRNA expression. The cycloheximideaugmented IL-8 mRNA induction in CB leukocytes was higher than those of AB, indicating that the posttranscriptional repressor protein was more fragile in CB leukocytes.
DISCUSSION
It has been proposed that CLD is mediated by higher proinflammatory cytokines (IL-6, TNF-␣, and IL-8) in conjunction with a lower anti-inflammatory (IL-10) cytokine arising from proinflammatory response (7, 8, 19, 20) . It remains unclear which cytokine is actually involved in the development of CLD. Lyon et al. (21) showed that IL-1␤, TNF-␣, or IL-8 was not associated with CLD. Similarly, Kazzi et al. (11) failed to find an association in IL-1␤ or IL-6 concentrations between tracheal aspirates and blood of premature infants who were at risk for developing CLD. Bagchi et al. (12) indicated that IL-6 bioactivity rather than TNF-␣ or IL-6 concentration was associated with CLD in premature infants. In addition, BAL fluid obtained from premature neonates exhibits free elastase activity (22) , which may degrade certain proteins, including TNF-␣. In this study, we found that IL-10 level did not decline and TNF-␣ level did not increase in premature infants with CLD, suggesting that increases in TNF-␣ and IL-1␤ level or decline in IL-10 level was not associated with the development of CLD.
Munshi et al. (8) demonstrated an increase in IL-8 level before the influx of leukocytes in BAL obtained from preterm infants with CLD. In recognition of the importance of early IL-8 induction in the development of premature CLD, we found that IL-8 level in BAL obtained on the first day was inversely correlated with prematurity (GA) and also associated with the development of CLD. If the cutoff value of the first-day BAL IL-8 concentration were set as 110 pg/mL, then it could be used to predict CLD with a sensitivity of 83% and a specificity of 73%. The positive predictive value was 63%, and the negative predictive value was 89%. The finding that premature neonates demonstrated an augmented IL-8 production was different from a previous report showing that leukocytes of newborns, especially those of premature neonates, released less IL-8 (23) . We also noticed that IL-8 level in BAL was in parallel with polymorphonuclear leukocyte influx in lavage fluid, as reported by other studies (22, 24) . Chemokines, including IL-8, are implicated in the infiltration of leukocytes into the lungs (25, 26) . We further noticed that IL-8 level in BAL increased with the duration of intubation. This was not related to TNF-␣ or IL-10 production, as they did not change with the duration of intubation. In BAL, a decline in IL-10 level was implicated in the augmentation of IL-6 and IL-8 production (7), although this study and other reports (24, 27) could not reproduce this result. Many previous studies collected BAL from days to weeks after birth, and this might introduce the confounding effects arising from acquired infection and different modes for the setting of 
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IL-8 AND PREMATURE CHRONIC LUNG DISEASE fraction of inspired oxygen and ventilator. In the present study, BAL fluid was collected within 4 h of life, which was an optimal period to explore the impact of prematurity on initial IL-8 production.
With an attempt to study the relationship between CLD and the immune reaction of premature infants rather than their mothers, we excluded neonates whose mothers had experienced chorioamnionitis, which was defined by the presence of fever and malodorous vaginal discharge or leukocytosis. Whether maternal chorioamnionitis was a risk factor for CLD remained unclear. Redline et al. (28) failed to demonstrate such association, but Ogunyemi et al. (29) showed the opposite.
It is interesting to find a higher IL-8 but lower TNF-␣ production in CB under endotoxin stimulation. In this study, a whole-blood model without counting the differential leukocytes between AB and CB was used. The higher IL-8 but lower TNF-␣ production in CB than AB is more likely related to the intrinsic alteration of CB leukocytes. This may be not related to higher leukocytes in CB, because higher leukocytes should release both higher IL-8 and TNF-␣ levels after endotoxin stimulation. A previous study showed that leukocytes of neonates released less IL-8 (23), but Schultz et al. (30) showed an augmented IL-8 production by neonatal leukocytes. In contrast, certain studies reported lower TNF-␣ production by neonatal leukocytes (31, 32) . In fact, IL-6 and IL-8 but not TNF-␣ increased significantly in CB from neonates who had early onset of sepsis (33, 34) . Nevertheless, we cannot exclude the possibility that the elevation of IL-8 level in BAL is related not only to leukocytes but also to pulmonary epithelial/endothelial cells (35) (36) (37) .
It is still not known why a higher IL-8 level is found on the first day of BAL obtained from preterm infants. It is unlikely that the augmented IL-8 production is related to earlier TNF-␣ induction, because we have shown that TNF-␣ level in BAL of the first day is not correlated to GA or the development of CLD, and its level in serum is also not correlated to GA or postnatal insults, as described in another report (38) . In fact, we have found that IL-8 but not TNF-␣ or IL-10 level in initial BAL fluid is inversely correlated to GA and that the elevation of IL-8 level in BAL on the first day is correlated to CLD. In addition, we noticed that initial OI for both groups is not significantly different (Table 1) , although all infants were intubated on the first day of life. This suggests that premature neonates have an altered IL-8 response that may be caused by prematurity rather than ventilator-associated injury. Furthermore, we find that the IL-8 production by neonatal leukocytes is controlled by de novo transcriptional induction as well as posttranscriptional up-regulation in the presence of LPS. Thus, early pharmacologic regulation of IL-8 induction may be beneficial in the modulation of inflammatory reactions in premature infants. However, it should be manipulated appropriately, because some studies have mentioned that a complete knockdown of IL-8 or IL-8 receptor gene expression has raised immunodeficiency or chronic inflammation (39, 40) .
